A box model for estimating bidirectional air-surface exchange of gaseous elemental mercury (Hg 0 ) has 14 been updated based on the latest understanding of the resistance scheme of atmosphere-biosphere 15 interface transfer. Simulations were performed for two seasonal months to evaluate diurnal and seasonal Elucidation on the kinetics and mechanism of Hg(II) reduction in soil/water and quantification of the 31 surface resistances specific to Hg species will also help reduce the model uncertainty. 32 33
soil Hg content on the evasion flux from soil and canopy can be effectively offset by the negative effect 25 of soil organic content. Significant synergistic effects are identified between surface wind and DGM level 26 for water surface, and between soil Hg content and friction velocity for soil surface, leading to ~50% 27 enhanced flux compared to the sum of their individual effects. The air-foliar exchange is mainly 28 controlled by surface resistance terms influenced by solar irradiation and air temperature. Research in 29 providing geospatial distribution of Hg in water and soil will greatly improve the flux estimate. 30
Elucidation on the kinetics and mechanism of Hg(II) reduction in soil/water and quantification of the 31 surface resistances specific to Hg species will also help reduce the model uncertainty. isotopic tracer studies showed that that plant roots serve as a barrier that prevents translocation of 58 inorganic Hg in soil to other parts of plants (Cui et al., 2014) . It has also been suggested that Hg absorbed 59 on foliage can be transported to stem and root (Yin et al., 2013) . In addition, algorithms representing the 60 transport resistances at soil and foliage interfaces were developed to calculate the multilayered, 61 bidirectional flux through a Hg concentration gradient between ambient level and a "compensation" point 62 
Model Description 84
The total air-surface exchange is the sum of Hg 0 fluxes from water, soil (including bare lands and soil 85 under the canopy) and foliage surfaces. The direction (evasion or deposition) of the flux is driven by the 86 gradient between atmospheric Hg 0 concentration and a surface compensation point that represents the Hg 0 87 concentration at the interface between the atmosphere and a natural surface. The magnitude of the flux is 88 determined by the ratio of concentration gradient to surface resistance (for terrestrial surfaces) or by the 89 product of overall mass transfer coefficient and concentration gradient (for water surfaces). The 90 nomenclature and dimension of the entire set of model variables are detailed in Table 1 . The 91 9 design (Resolution IV) enabling main effects free from aliasing. The number of runs (32), although 187 intensive, is still manageable. After this initial screening, a two-level full factorial design was applied for 188 the significant factors based on a 95% confidence level (results of the 2 11-6 design are shown in 189
Supplementary Material). For the canopy ecosystem, 15 main factors (Table 4) were selected to form a 190 2 15-9 fractional design (Resolution IV, 64 experiments). In this case, the alias system is more complex 191 because of the large number of study factors. Therefore, a successive 2 
design (Supplementary 192
Material) was applied to the pre-screened significant factors to obtain 5 most significant factors for a 2 resistance values in the model. However, the lack of deterministic relationships between the resistance 288 terms and environmental parameters still represents an uncertainty and there is a need to better quantify 289 the resistance for Hg 0 . 290 291 Figure 5 shows the change of air-water flux due to the change of model variables from the low to the high 294 experimental level (Table 2) . Individually, wind speed is the most significant parameter (p = 0. 
Sensitivities Analysis 292

Sensitivity of Exchanges over Water Bodies 293
Sensitivity of Exchange over Bare Lands 322
Figure 6 illustrates the model response to the model variables at the two experimental levels in Table 3 . The total compensation point ng m 
Use of 2 k-p factorial design for
Design of experiments is a series of tests in which purposeful changes are made to the input variables of a process systematically and the effects on response variables are measured. It is widely applied in the experiments involving many influencing factors, when it is necessary to study the combined effect of these factors. For a two-level design involving a high-level and a low-level value for each factor, the number of all possible combinations is 2 k (for example, for two factors the combinations is low-low, low-high, high-low and high-high), which also represent the number of experiments. This exponential relationship rapidly increases the number of experiments when the number of studied factors is increased. To reduce the experimental effort without losing the analytical power of the experiments, the number of experiment can be decreased strategically by choosing the experiments that investigate the main effects (i.e., the effect of single factor) and interaction effects of lower order. This is called fractional design and the number of experiment can be reduced by 2 p times (i.e., the number of experiment becomes 2 k-p ). The term "Resolution" is used by statisticians to indicate how the experiments are chosen. For IV resolution design, all the main effects are completely isolated from confounding with all other experimental runs and the second-order (two-factor) interactions are maintained without confounding with higher order interactions. Based on the factorial experiment results, statistical test can be performed to understand the significance of each factor using P value.
An excellent online presentation on factorial design of experiments is also available at http://www.jhuapl.edu/techdigest/td/td2703/telford.pdf.
Initial parameter screening for bare lands
Normal plot of the standardized effects of 2 11-6 (Figure s1 ) suggests significant effect from fraction of organic carbon, friction velocity, soil Hg content at 95% confidence level. The P-value of main effects from air temperature at 2 meters and scaling factor for reactivity of mercury on ozone ( ) were close to 0.05 (0.069 and 0.073, respectively). For the second order interactions, air temperature and are important. Therefore fraction of organic carbon, friction velocity, soil Hg concentration, air temperature, , were chosen for the final 2 5 full factorial design.
Initial parameter screening for canopy system
The alias structure of the 2 15-9 fractional design is complex (Figure s2 ). To ensure that the most significant factors are selected for the final full factorial design, all parameters confounded in alias system were chosen to run 2 11-6 experiment except for air Hg 
